Extreme ambient heat is a serious public health threat, especially for the elderly and persons with pre-existing health conditions. Although much of the excess mortality and morbidity associated with extreme heat is preventable, the adoption of effective preventive strategies is limited. The study reported here tested the predictive power of selected components of the Health Belief Model for air-conditioning (AC) use among 238 non-institutionalized middleaged and older adults with chronic heart failure and/or chronic obstructive pulmonary disease living in Montréal, Canada. Respondents were recruited through clinics (response rate 71%) and interviews were conducted in their homes or by telephone. Results showed that 73% of participants reported having a home air conditioner. The average number of hours spent per 24-hour period in air-conditioned spaces during heat waves was 14.5 hours (SD 5 9.4). Exploratory structural equation modeling showed that specific beliefs about the benefits of and drawbacks to AC as well as internal cues to action were predictive of its level of use, whereas the perceived severity of the effects of heat on health was not. The findings are discussed in light of the need to adequately support effective response to extreme heat in this vulnerable population.
Introduction
Unusually hot weather is now recognized as a serious public health threat [1] [2] [3] . Recent heat waves have resulted in significant excess immediate mortality and morbidity [3] [4] [5] [6] [7] . Prolonged exposure to extreme heat, especially consecutive nights with high minimum temperatures, as during the 2003 heat wave in France and the 1995 Chicago episode, can provoke thousands of deaths [2, 5, 8] . Outside of these clearly demarcated 'heat waves', isolated days with temperatures only several degrees above average have been associated with higher-thanexpected numbers of deaths from causes only indirectly related to overheating [9, 10] . Temperature change need not be extreme for heat-related risks to accrue: in the UK, older persons are at heightened mortality risk with any temperature rise above 17°C, and risk increases linearly or more as temperatures rise further [11] . Exposure to heat can exacerbate existing cardiovascular and respiratory conditions, resulting in increased hospital admissions and mortality [12, 13] . Indeed, the health effects of extreme heat persist long after temperatures have cooled: follow-up of heatstroke patients shows important declines in functional status, associated with prolonged hospitalization and earlier death [7] . It is expected that the public health problems attributable to extreme heat will be especially significant when combined with the increased vulnerabilities of an aging population and phenomena such as global climate change, urban heat islands and air pollution [1] [2] [3] [4] [5] .
Older adults are at especially high levels of risk for heat-related illnesses, as are those living alone, without access to air-conditioning (AC), in urban areas, and with pre-existing health conditions [1, 3, 11, 14] . Mortality in the 2003 European heat wave was markedly higher among older adults living outside of institutions than in either the institutionalized elderly or in younger adults [15, 16] and was especially high among those with limited autonomy [14] [15] [16] [17] . Nor do these risks apply only to the oldest old: heat-related mortality risk rises with increasing age after about 50 years [2] .
Heat-related health risk is distributed inequitably across population groups. A recent review concluded that poverty is an important determinant of heat-associated mortality risk in American but not in European cities [2] . However, in the French heat wave of 2003, income was an independent predictor of mortality [17] . Coupled with the established link between ill health and poverty among older persons [18] , older adults living in poverty may be the most vulnerable of all, for example, having to choose between purchasing food or buying and running an air conditioner [19] .
Much of the excess mortality and morbidity associated with heat illness is believed to be preventable through the implementation of heat emergency plans and warning systems that lead to adoption of behavioral adaptations such as AC use and increased fluid intake [1, 4, 19] . In the Chicago heat wave of 1995, mortality was significantly lower among people who had working air conditioners in their homes or in their apartment lobbies or who visited air-conditioned places [8] . Although one study in the United States showed that over the period 1987-2000 cardiovascular mortality risks associated with cold temperatures have been constant among older persons [20] , heat-related deaths in this population have declined. This was attributed to increased use of AC, in combination with other factors such as improved health care. In the French heat wave of 2003, older persons who visited air-conditioned or cooled places or who used cooling techniques and devices including air conditioners were less likely to die from heatrelated causes than those who did not [14] . Exposure to AC, even for a limited time, thus can act as an important protective measure against heatrelated mortality. Further, if AC or other recourse to personal cooling is employed, the need for activity reduction and supplementary hydration, other commonly recommended hot day protection behaviors, is much reduced [21] .
Despite the effectiveness of such preventive measures, public recognition of the health risks associated with hot weather is low, as is adoption of effective preventive strategies. A study in four North American cities found that despite widespread awareness of heat advisories, only about half of urban residents adopted preventive actions [22] . Similarly, Kalkstein and Sheridan [23] showed that only 50% of residents who had heard heat advisories did something different on the days they heard them. Although evidence on the responses of the older adults to environmental health issues is more limited than that for the general population, some evidence suggests that older people are less likely to change behaviors in light of climate change [24] . Faced with environmental health threats, older people are equally unlikely or more unlikely than the general population to undertake protective actions, due to in part to perceptions of invulnerability [25] . And, one study has shown that likelihood of behavior change in response to heat advisories is related to age: whereas 67% of those aged 42-53 years reported making such changes, only 40% of those over 65 years reported doing so [23] .
Given the potential to decrease their health risk from elevated heat events through more effective preventive action, it is of interest to identify the perceptions and beliefs that predict the adoption of such preventive behaviors among people at risk for heat-related illness.
The Health Belief Model
The Health Belief Model (HBM), originally proposed over 35 years ago [26] [27] [28] , is one of the most widely used conceptual frameworks for the study of L. Richard et al.
health behavior. Over hundreds of studies, support has been found for the predictive role of all of its main components in the adoption and maintenance of health promoting and prevention behaviors. The HBM's components are (i) perceived susceptibility: an individual's perception of his or her risk of developing the health problem or being affected by the health threat; (ii) perceived severity or seriousness of the health threat. The combination of susceptibility and severity has been termed as perceived threat; (iii) perceived benefits of the preventive action, i.e. the perceived efficacy of the behavior in reducing the health threat's severity or the individual's susceptibility to it, as well as nonhealth-related benefits; (iv) perceived costs, barriers or disadvantages to the prevention action and (v) cues to action: the presence of information, reminders or bodily events that incite or encourage preventive action. A sixth component, self-efficacy, has been included more recently [28] . The model posits that each of these factors makes an independent contribution to adoption or maintenance of specific health behaviors.
Health beliefs and health threat response among older adults
Several studies have established the predictive validity of the HBM in older populations, for a variety of health issues. For example, older adults' influenza vaccination behaviors were predicted by perceived barriers, perceived benefits and perceived severity [29] . HBM components predicted sunexposure protective behaviors in seniors [30] , as well as health maintenance activities aiming to prevent health deterioration [31] . In a qualitative study of older women, low levels of perceived vulnerability were associated with a lack of attention to future health [32] . It is important to note that preventive health behavior in older adults seems more influenced by subjective than actual health status [33] .
With respect to adaptation to climate change, no study has tested the Heath Belief Model in its entirety nor examined its utility in understanding preventive behaviors of vulnerable populations. However, studies have shown that a variety of beliefs-some corresponding or being very close to those of the HBM-predict adaptive behaviors. Studies of population response to natural hazard warnings have consistently shown that response is partly determined by perceived urgency of the threat [34] . In summarizing major covariates of hazard warning responses, Mileti and Sorenson [35] note that physical and social cues, perceived risk, perceived efficacy and proximity to the hazard all increase adequacy of response. Although there are few data on older people's beliefs in relation to heat protective behavior, those that exist suggest that HBM components may be useful predictors. A recent study of older people's (mean age of 80 years) perceptions of heat-related health risk in United Kingdom found that respondents did not necessarily perceive themselves as either 'old' or at risk, although they would have been identified as vulnerable by existing public health criteria. A minority was aware that their existing medical condition or medication increased their risk [36] . However, most reported adopting preventive behaviors, based on 'common sense' (p. 124), during previous heat waves. A survey of Phoenix, Arizona, residents found that while 93% of those over 65 years were aware of the heat warning system, older respondents were less likely than the youngest respondents to believe that heat was very dangerous to them-i.e. had low levels of perceived risk [23] .
The study reported here tested the predictive power of selected components of the HBM for AC use among non-institutionalized older adults with two serious chronic health conditions: chronic heart failure (CHF) and/or chronic obstructive pulmonary disease (COPD). These individuals are highly vulnerable to heat threats: much of the excess mortality associated with extreme heat occurs through respiratory and/or cardiovascular failure [9] . Given the frequency of these two chronic conditions among older persons, and their association with social and economic disadvantage [18] , individuals treated for CHF and COPD could be considered as representing members of the population vulnerable to serious consequences of heat exposure through both age and illness. The study addressed two main questions: (i) what proportion of high-risk middle-aged and older adults with Heat illness prevention in middle-aged and older adults chronic heart and/or lung disease living at home display the preventive health behavior of air conditioner use? and (ii) what predictive role do health beliefs and perceptions play in that behavior? Although relying on self-reported behaviors, the study assessed usual behavior during high heat periods rather than behavioral intentions, which have been shown to be poor predictors of response to environmental health threats [34] .
Methods

Sample and data collection procedures
We conducted a cross-sectional interview survey of middle-aged and older adults with CHF and/or COPD in Montréal, Canada. Patients were recruited from two CHF and three COPD clinics attached to two university teaching hospitals. Their participation was solicited either in the clinic waiting rooms (all patients were approached) or by telephone if patients were receiving treatment at home (patients meeting eligibility criteria were selected from clinic lists). Eligibility criteria were residence in the Montréal metropolitan area (population 3M), speaking either English or French and having a home telephone. Interviews were conducted either at home or at the clinic, according to respondents' preferences. Of the 343 patients solicited, 242 (71%) completed the interview. Four interviews with incomplete data were removed from the sample before analysis for a final n = 238. The interviews took place between 30 May 2005 and 6 October 2005. Daily mean temperatures during this period were 2.4°C above the long-term daily average [37] .
Measures
The study questionnaire was developed in English following a literature review and consultation with professionals from two of the participating clinics. It was translated into French by members of the study team and back translated by a professional translator. The few differences were reconciled by the study team. The questionnaire was piloted in both languages. It consisted of 169 closed-ended items measuring among others, the HBM constructs. Perceived severity of health effects of heat waves was measured by nine items, for example: 'During a heat wave, if I do not protect myself from the heat, respiratory difficulties caused by the heat can lead me to be hospitalized' (a = 0.93). Perceived susceptibility to heat effects was measured by three items, for example: 'Because of my state of health, if I do not protect myself from the heat, I am more likely to suffer from respiratory difficulties during a heat wave' (a = 0.88). Perceived benefits of protective (AC) behavior was measured by five items, for example: 'During a heat wave, using an air conditioner at home allows me/would allow me to continue my daily activities as usual' (a = 0.86). Perceived barriers to the health action were measured by eight items, for example: 'Does/could the following reason prevent you or limit you from using your air conditioner? It is not good for my health' (a = 0.84). Perceived severity, susceptibility, benefits and barriers were measured on 4-point agree-disagree scales. Cues to action were measured by three items: 'Has your doctor or nurse ever told you that your health problem can make you more sensitive to the heat' (yes or no); 'Have you ever heard an extreme heat warning?', scored as 'no', 'yes, this summer' and 'yes, last summer or earlier'; and 'How sensitive are you to heat?', scored as very/somewhat/not really/not at all sensitive. Self-reported presence of an air conditioner (yes or no) and number of daytime and nighttime hours of air conditioner use (combined into a 24-hour measure then divided by 24) were used to assess the targeted behavior. Table I lists all items assessing health beliefs and cues to action. The SF-36 physical and mental health subscales [38] were also administered, as were items recording participants' sociodemographic and lodging characteristics. Not reported in this article but also assessed were knowledge of heat impacts, self-efficacy for adopting heat-protective behavior and attitudes toward heat advisories [39] .
Analyses
An exploratory structural equation modeling (ESEM) approach was used. Recently developed L. Richard et al. Heat illness prevention in middle-aged and older adults [40, 41] , ESEM allows for the simultaneous estimations of exploratory factor analysis (EFA) and confirmatory factor analysis models. It was deemed appropriate for use with the present data set given the need to evaluate the unknown factor structure of newly created scales and to estimate direct paths between factors in a context where small sample size precludes cross-validation. Analyses were conducted using MPlus Version 6 [42] . Default options were used as for the estimation [weighted least squares mean and variance adjusted (WLSMV)] and rotation methods (GEOMIN). The WLSMV estimator is recommended for categorical outcomes (B. O. Muthén, S. C. du Toit, D. Spisic, unpublished results). Its good performance for smaller sample sizes and computational speed has also been underscored [43] . Cues to Action was modeled as a composite variable [44] . Two measurement models using multiple indicators of latent constructs could indeed be defined. In line with classical test theory, the direction of causality could flow from construct to measure (principal factor or reflective model). Alternatively, it could also flow from measure to construct, as is the case in a composite latent variable or formative model. Given this and other criteria (indicators being not interchangeable, etc.) [45] , it appeared reasonable to model the Cues to Action construct as an index produced by the observed variable (sensitivity to heat, advice from their doctor and having heard of an extreme heat warning) rather than an underlying constructs causing them. Finally, exploratory analysis revealed a high degree of colinearity (r = 0.65) between severity and perceived susceptibility. Following a procedure used in another HBM validation study [46] , perceived susceptibility was not included in the model.
Ethics
The Research Ethics Board of McGill University and those of the participating hospitals approved the study protocol. Participants signed informed consent forms after being apprised of the means used to protect their confidentiality and being assured that their responses would in no way affect their health care. 
Results
Respondents' characteristics 
AC use
Almost three-quarters (174 or 73%) of study participants reported having a home air conditioner (at least one unit in at least one room). When asked about their air conditioner use during heat waves, 31.5% reported that they occasionally or never spend time in an air-conditioned location, while 68.1% indicated doing so always or often. The average number of hours spent per 24-hour period in air-conditioned spaces during heat waves was 14.5 hours (SD = 9.4). There were few sociodemographic differences between those participants with and without home AC. t-tests showed no significant differences between those with (n = 173) and without (n = 64) home air conditioners were not significantly different (p < 0.05) in terms of gender, income, living arrangement, and physical or mental health status as measured by the SF-36 subscales. However, those with home air conditioners were marginally older than those without (68.5 versus 65.8 years, t(234) = À1.92, P = 0.06).
Structural equation model fitting
The factor loadings gave a clear interpretation of the factors in term of perceptions of severity, barriers and benefits (see Table III ). Nevertheless, several items had significant cross-loadings, confirming the suitability of an ESEM approach. Only the item reflecting sensitivity to heat was a significant predictor of variability in the Cues to Action composite with items related to advice from their doctor and having heard an extreme heat warning being non-significant. The chi-square test of exact fit emerged as statistically significant (v 2 [277, N = 235] = 879.03, P < 0.001). Sample size independent indexes provide a more nuanced picture with the Comparative Fit Heat illness prevention in middle-aged and older adults Index (0.955), the Tucker-Lewis Index (0.943) and the root mean squared error of approximation (0.096) reflecting acceptable to marginal fit. Although more research is needed regarding the appropriateness of such indexes for ESEM models given their greater number of estimated parameters [41] , it is reasonable to conclude that the selected HBM components provide an adequate explanation of AC use (see Fig. 1 ). Overall, 31.6% of the variance in AC use behavior was accounted for by components of the HBM.
That is, the model showed that three components, perceived benefits, perceived barriers and cues to action, contributed significantly to AC use, in the expected directions: those who saw benefits such as allowing them to continue daily activities and to avoid respiratory problems were more likely to have a higher level of AC use. Perceptions that air conditioner use could have drawbacks such as aggravating health problems or cooling the house too much were predictive of less AC use. Cues to action were associated with higher level of AC use. Perceived severity of health problems associated with extreme heat, measured as the beliefs that heat waves could lead to hospitalization because of the respondent's health status, also did not significantly predict AC use behavior.
In an ancillary analysis, we tested a model including a direct relationship between annual household income and AC use. The estimated coefficient emerged as non-significant (results available upon request to the first author). 
Discussion
The purpose of this study was to test the predictive power of selected components of the HBM for heat-related protective behavior among noninstitutionalized middle-aged and older adults with serious chronic health conditions. Semenza et al. [24] estimated that more than half of the deaths related to the Chicago heat wave of 1995 'could have been prevented if each home had a working air conditioner' (p. 487). Our data partially validate the HBM by suggesting that above and beyond access to AC, beliefs in this particularly vulnerable population about AC may determine its actual level of use. About one-third of our sample of persons with CHF or COPD did not use AC regularly or did not use at all during periods of extreme heat, and those who used it, did so for, on average, just over half of each 24-hour period. ESEM showed that specific beliefs about the benefits of and drawbacks to AC, as well as cues to action were predictive of its level of use. Those who believed that using AC would help them, for example, to continue their daily activities, prevent respiratory problems and maintain their health were most likely to use it more. Similarly, those who believed that AC would bring drawbacks did not use AC as much. While results showed a positive predictive role for cues to action, a closer look at estimates showed that only one causal indicator, sensitivity to heat, significantly contributes to the composite variable, with parameters for indicators related to advisories and advice from doctor or nurse emerging as nonsignificant. While this result certainly confirms the importance in the adoption of protective behavior of internal cues such as symptoms over external signals such as advisories or advice from a health professional [47] , it might also reflect the difficulty of empirically identifying cues instigating action [28] .
Effective communication plans and public education tools have been highlighted as key components of the public health response to extreme heat events [3] . However, current strategies such as heat advisories do not appear to be reaching their targets effectively and contribute little to the adoption of Heat illness prevention in middle-aged and older adults protective behaviors [15, 24] . Although the importance of defining and locating high-risk populations, such as older adults and the chronically ill, and providing them with effective information about extreme heat has been emphasized [3, 48] , the best ways to reach these vulnerable subgroups remain unclear [36] . Our data support these findings, showing that extreme heat advisories and advice from a doctor or nurse do not significantly contribute to the cues to action composite variable. Some authors have argued that communications should be improved by increasing public awareness that heat advisories are based on human health responses and by emphasizing the vulnerability aspect through their messaging [22] . This has been recommended in particular for the older adults [49] . However, as discussed by Champion and Skinner [28] , it is possible that the predictive value of susceptibility may depend on the perceived level of severity so that 'a heightened state of severity is required before perceived susceptibility becomes a powerful predictor' (p. 61). This suggests that perceptions of vulnerability may be heightened most effectively when heat waves are seen as having more serious consequences on health. This hypothesis is consistent with work that has shown the potential in exploring alternative patterns of relationships for the HBM components [28] , and this would certainly deserve further research. Interestingly, warning older people about health risks associated with aging and heat may have paradoxical effects: many older people do not see themselves as old or at risk [36] and those who associate aging with limitations in their lives are less likely to engage in preventive or adaptive behaviors [32, 50] .
Several issues limit the interpretation of the current findings. First, although the recruitment mode allowed for the recruitment of a heterogeneous sample of non-institutionalized cardiac and COPD patients, representativeness is not guaranteed: still, the age and sex (a male majority) distribution of study participants does reflect the mix of CHF and COPD clinic patients in Montréal (according to the directors of the participating clinics), and the choice of university clinics facilitated recruitment of participants from across the socioeconomic spectrum. Second, the study is limited by its cross-sectional design. Longitudinal studies following the health belief patterns of older adults over time and before and after persuasive interventions would be invaluable in identifying the determinants of heat protective behaviors. Third, the sample size precluded the testing of alternative patterns of relationships, such as multiplicative approaches to major dimensions in the model. Further research should consider replication with larger samples and extensions with alternative causal models.
Despite its limitations, the present study is important in that it is one of the first, if not the first, to examine the usefulness of selected components of the HBM in understanding preventive behaviors related to climate change phenomena such as extreme heat. For non-institutionalized persons with existing serious health conditions, our data suggest that public health communications should include strategies aimed at modifying beliefs about specific health benefits from AC use, as well as strategies to reduce or mitigate the perceived barriers to effective action, especially among populations whose existing health problems also help to limit their mobility, restrict the social networks and isolate them [14, 49] . Such public health communications should form part of an integrated multidimensional emergency strategy [2, 34] that supports adequate citizen response [51] .
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